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Aim: To evaluate the application of the laryngotracheal canal on the reconstruction of the hypophar-
yngoesophageal defect resulting from resection of stricture with corrosive injury.
Method: Ten patients with the hypopharyngoesophageal stricture after corrosive injury due to ingestion
of strong alkali in two cases and strong acid in eight treated surgically from January 2005 to December
2007 were studied. Lipiodol esophagography revealed almost complete obliteration of both sides of sinus
piriformis in seven patients and stricture of the lower hypopharynx in two cases, and laryngoﬁberscopy
revealed injury of vocal cord in one case. All patients received the operation of the laryngotracheal canal.
As an isoperistaltic conduit in eight and an antiperistaltic in two, the colon was placed retrosternally
anastomosed with lower margin of larynx for esophageal substitution.
Result: All patients healed well. No anastomotic leakage was observed. Normal deglutition and weight
gain were achieved in all the patients. Postoperative follow-up endoscopy showed no stricture recur-
rence of anastomosis. Functional results of nine patients (90%) were categorized as good result; only one
(10%) faired.
Conclusion: The application of the laryngotracheal canal therefore can be advocated as the method for
reconstruction of the hypopharyngoesophageal defect after resection of stricture due to corrosive injury.
Published by Elsevier Ltd on behalf of Surgical Associates Ltd.1. Introduction
Corrosive injury causes tissue damage similar to a burn to the
alimentary tract.1 Both the concentrations and the amount of the
ingested material have an impact on the injury. The pain may be
generally severe and common, and the perforation of the esoph-
agus or stomach may occur in severe cases. Longer-term compli-
cations include scarring and stricture formation.2,3
It is difﬁcult to resolve the stricture with the corrosive injury.
Unless contraindication the dilatation is the ﬁrst treatment for the
caustic stricture, and in most centers a 60–80% success rate is
expected.5,11 But when the prolonged dilatations do not allow
achievement of swallowing of solid foods, the esophageal
replacement in caustic strictures is considered for normal
swallowing.
Moreover, chronic corrosive stricture of the upper cervical
esophagus and hypopharynx resulting from ingestion of caustic
substances is a challenging surgical problem when repeated40; fax: þ86 27 8804 2292.
Ltd on behalf of Surgical Associateendoscopic dilatations fail to yield satisfactory results.4 Restoring
the continuity of the upper digestive tract by esophageal substi-
tution not only compromises the integrity of the swallowing
mechanism, but also often need to ensure avoidance of recurrent
aspirations.1,3,4
To date, there is no artiﬁcial substitute for the native esoph-
agus. So after esophageal resection for strictures, successful
reconstruction of the upper gastrointestinal tract may be achieved
by gastrointestinal transposition. Many studies have been done,
but there is no agreement on a single organ or route. The stomach,
as a whole or a gastric tube, has been used in some centers. The
colon is the most frequently used organ in all surrogates, and the
experienced centers consider the colon as a good substitute
especially for caustic strictures.2,6 The application of the jejunum
is limited by its blood supply, but with a microvascular anasto-
mosis the application now is increasing especially in pharyngeal
strictures.
Comparing with the lower cervical esophageal anastomosis, the
hypopharyngeal anastomosis requires a longer-segment of esoph-
ageal substitute, and it is difﬁcult to ensure the avoidance of
recurrent aspirations.1,3,4 However, despite technically precise
surgery, the strictures of the hypopharynx and upper cervical
esophagus are particularly challenging, because the anastomoses ats Ltd.
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operative stenosis and disarrangement of the deglutition mecha-
nism resulting in recurrent aspirations (Fig. 1). So we suggest a new
technique for establishing such a high-level anastomosis of the
laryngotracheal canal for the reconstruction of the hypophar-
yngoesophageal defect resulting from resection of stricture after
corrosive injury.
2. Materials and methods
2.1. Patients
From January 2005 to December 2007, ten patients ranging in
age from 39 to 54 years (means, 44 years) with severe dysphagia
due to chronic, diffuse hypopharyngoesophageal stricture ineffec-
tive to endoscopic dilatation following caustic injuries from
ingestion of alkali in two cases and strong acid in eight were
admitted to our department.
2.2. Level and severity of caustic stricture
Level and severity of the stricture were evaluated by esoph-
agography and laryngoﬁberscopy. The problematic airway was
checked by bronchoscope before reconstruction. Lipiodol esoph-
agography revealed almost complete obliteration of both sides of
sinus piriformis in seven patients and stricture of the lower hypo-
pharynx in two, and laryngoﬁberscopy revealed adhesion of the
epiglottis and deformity of vocal cord in one. All patients under-
went preoperative laryngoscopic evaluation for exclusion of severeFig. 1. Corrosive injury causes the alimentary tract Stricture above sinus piriformis.laryngotracheal deformities, and colonosopy for assessment of the
colon as a potential conduit. Endoscopic evaluation of the stomach
was impossible.
None of the patients had received surgical treatment during the
acute phase of injury. The interval between injury and recon-
struction were from 3 to 9 years (means, 6.4 years). In our
department, all patients underwent transhiatal esophagectomy
without thoracotomy and anastomose laryngotracheal canal with
the colon, feeding jejunostomy after the operation.7
2.3. Operation procedure
All patients received general anesthesia and tracheal intubation
in supine position. The operation included two procedures, namely
cervical stage and abdominal stage.
2.3.1. Technical considerations in cervical stage
2.3.1.1. Exploration of cervical part. The cervical esophagus and
hypopharynx were explored through an oblique cervical incision,
which made along the anterior border of the left sternocleido-
mastoid muscle and had been extended upward anterior portion of
the neck to open the pharynx.
2.3.1.2. Preparation of laryngotracheal canal. Larynx and upper
trachea were mobilized according to level and severity of the
stricture of the cervical esophagus. The annular cartilage and thy-
roidea cartilage were resected. And those were all kept in theirFig. 2. Larynx and upper trachea were mobilized according to level and severity of the
stricture of the cervical esophagus. The annular cartilage and thyroidea cartilage were
removed. And then trachea was transected at the onset or below. The esophagus was
transected at the onset of the stricture.
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membrane. Especially the integrity of the arteria laryngea should
be preserved. Then the tracheawas transected at the onset or below
the stricture (Fig. 2). After tracheotomy, the site of the intubation
was changed from the mouth to the broken ends of trachea. We
improved the laryngotracheal ﬂap into conduit, which we call the
laryngotracheal canal (Fig. 3).
2.3.2. Technical considerations in abdominal stage
2.3.2.1. Exploratory laparotomy. Abdomen was opened through the
middle line incision from the subxyphoid extending beyond
the umbilicus. All peritoneal adhesions were dissected free and the
gastrointestinal condition was examined. After operation, patients
had been created with the feeding jejunostomy because of
frequent occurrence of swallowing difﬁculty in early postoperative
weeks.8
2.3.2.2. Preparation of esophageal substitute. The esophageal
substitutewas chosen according to condition of themarginal artery,
size and length of colon. In our operation, the transverse colon was
mobilized from the left colon extending to the ascending colon.
Vascular network of the transplant was carefully preserved
during surgical dissection. Distance between the laryngotracheal
canal and vascular pedicle of the colon was measured before
transected. Viability of the esophageal substitute was assured by
temporary clamping of the vessels except the depending ones
before they were divided.Fig. 3. After tracheotomy, the site of intubation was changed from mouth to broken
ends of trachea. We improved the laryngotracheal ﬂap into conduit, which we call the
laryngotracheal canal.In our cases, the colon were mobilized which supply by
arteria colica sinistra in eight cases and arteria colica dextra in
two, and placed retrosternally for esophageal substitution as
isoperistaltic or antiperistaltic conduit. In our experience the
right colon has been favored because of the great constancy of its
arterial supply through the middle colic artery and venous
drainage has posed no problem in the population under study. So
in pharyngeal anastomosis of the colon, an isoperistaltic not
antiperistaltic colon is essential. But in our patients, there are
two patients of whom the upper right colic artery is diminutive,
so for the two cases the left colon was placed retrosternally and
the laryngotrachea cannot but be anastomosed with the anti-
peristaltic colon.
2.3.3. Creation of substernal route
The substernal tunnel was created by blunt dissection aided by
the retractor. The thoracic inlet was opened widely by blunt and
sharp dissection of the ligaments and fasciae deep to the thymic
surface. This produced a space large enough for passage of the
esophageal substitute and its subsequent food contents.
2.3.4. Pull-up and positioning of the esophageal substitute
The esophageal substitute was encased in a plastic bag so that
when it was pulled up, the bag could prevent disruption of the
vessels. Pull-up of the transplant was achieved in one action. The
esophageal substitute was positioned carefully to preserve the
vascular competence of the transplant.
2.3.5. Laryngotracheal-colocolic anastomosis and placement of the
nasogastric tube
After careful evaluation of the proximal colon and the laryngo-
trachea, the anastomosis was performed with one-layer or two-
layer interrupted sutures (Fig. 4). But in this operation, we utilize
only the role of the canal not the function of laryngotrachea, so we
call it the laryngotracheal canal in anatomy, not in function.
Before the completion of the anatomosis, a nasogastric tube was
inserted via a nostril to pass the esophageal substitute for tempo-
rary gastrointestinal decompression. The tube was removed after
conﬁrmation of recovery of the gastrointestinal motility. Eternal
jejunostomy for intestinal nutrition is necessary from 4th to 10th
postoperative days.9,10,12
The intraabdominal colo-colostomy anastomosis must be large
enough and the colon should be located above the ligament of Treiz
just behind the origin of the jejunum. This prevents postsurgical
mechanical obstruction of the small intestine. If the colo-gastric
end-to-side anastomosis is done according to the caliber of the
colon, the cologastrostomy segment imperatively remains unob-
structed and will become ‘the second stomach’ after the operation,
affecting the patient’s life quality. It is therefore preferable to
reduce the caliber of the colo-gastric stoma by suturing approxi-
mately 1/3–1/2 of the colonic diameter to the opposite side of the
mesentery. A ‘colon-stomach oblique invagination’ anastomosis or
end-to-side anastomosis with ‘antiﬂux procedure’ is then per-
formed.13,14 If a vagostomy is performed, a pyloroplasty is routinely
added in order to improve postsurgical gastric emptying.15,16
2.4. Follow-up
The time of follow-up ranged from 3 months to 3 years with an
average of 8 months. The follow-up studies included barium meal
study, clinical evaluation and radionuclide scintigraphy.8
2.4.1. Barium meal study
Two weeks after reconstruction, barium meal studies were
routinely carried out to evaluate the patency of conduit and the
condition of anastomoses.
Fig. 4. The anastomosis was performed with one-layer or two-layer interrupted
sutures between the laryngotracheal canal and colon. But in this operation, we utilize
only the role of the canal and abandon physiological function of larynx and trachea, so
we call it the laryngotracheal canal in anatomy, not in function.
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Patients were monitored in the Out-Patient-Department. Data
were obtained through clinical visits and questionnaires after
discharge from the hospital. Ability to swallow regular diet or only
semiliquid or liquid diet without dysphagia, body weight, activity,
aspiration, timing and frequency of regurgitation were recorded.
Complications developed immediately after operation or during
long-term follow-up period were considered as operation
morbidity.
2.4.3. Esophageal radionuclide scintigraphy
All the patients were able to swallow full diet without dysphagia
after reconstruction. The functional study aimed to measure the
peristalsis time, swallowing time and to detect regurgitation, which
was performed at least 4 months after reconstruction. The normal
colleagues who volunteered were as control group.
3. Results
All patients received healing well. No anastomotic leakage
was observed. Normal deglutition and gain in weight were
achieved in all patients. Postoperative follow-up endoscopy at 6,
9 months and 1, 2 years revealed no stricture recurrence of
anastomosis. Functional results of nine patients (90%) were
categorized as good results according to the ability to swallow
full diet without any dysphagia, and gaining weight accordingly.
Only one (10%) failed according to a limited ability to swallowsemiliquid diet, underweight, and showing a decrease in daily
activities.
4. Comments
Corrosive burn of the upper gastrointestinal tract mostly due to
the swallowing of acids or alkali for suicidal purpose is easy to form
the complicated stricture at the advanced stage. For mild case, the
esophagoscope dilatation can be applied. But the operation is
necessary for those which the esophagoscope dilatation is inef-
fective or the stenosis is severe.12 Multiple strictures, especially
involving high-level of the esophagus or hypopharynx, are partic-
ularly difﬁcult to manage because of requiring a long-segment
esophageal substitute.1–5,9,10
After stricture is resected, a large area of defect emerged at the
site of the laryngeal pharynx and cervical esophageal, so it is
necessary that there is a suitable strategy to re-establish the upper
gastrointestinal tract. Colon or stomach already is a preferable
substitute for the esophagus, so it is a key to decide how the
anastomosis was performed.
In avoidance to the emergence of the complication such as
bucking, aspiration and disarrangement of the deglutition mecha-
nism resulting in recurrent aspirations, the anastomosis is per-
formed commonly at the mouth ﬂoor or sinus piriformis for the
stricture of the pharyngoesophagus. But the disadvantage of the
operative technique included:
 The distinction of the mucous membrane is obvious between
ﬂoor of mouth and surrogate (for example colon or stomach),
so the stenosis or ﬁstula of the stoma may be easy to take
place.
 After resecting the part of normal laryngeal mucosa above the
stricture, the esophageal surrogate compels to extend the
more. It may be true that the longer the surrogate is, the less
the blood supply at the distal end are, so the more possibility of
the ischemic and the chance of the necrosis for surrogate (for
example colon or stomach) will be.
 As for the mucous membrane of ﬂoor of mouth, the tension is
so strong not to move and drag easily. It is so difﬁcult to
intortion to make a mucosal canal for diminishing the raw
surface, which can aggravate the formation of cicatrix.
 The stoma site is too high that the food is difﬁcult to ingress to
the surrogate, so the food including the excretion will be easy
to stagnate in the oral cavity, which will induce the stenosis or
ﬁstula of the stoma
In this research, we improve an operative technique to deal
with the defect after resection of benign pharyngoesophageal
stricture. All are reserved including larynx, tracheal mucosa and
cartilaginous membrane, to abscise the trachea and perform
tracheostomy permanently, then to the removal of annular
cartilage and thyroid cartilage, at last to anastomose the lar-
yngotracheal canal with surrogate to re-establish alimentary
tract.
As we know, it is common to repair the defect of laryngeal
pharynx and cervical esophagus for the cancer of pharynx involving
cervical esophagus. Those methods include 17:
 Skin ﬂap, including pedicle skin ﬂap, free skin ﬂap and pedicle
musculocutaneous ﬂap. Among these, particularly the greater
pectoral muscle is the most suitable material to repair the
defect of laryngeal pharynx and cervical esophagus for the
cancer of pharynx, because of their plentiful blood supply and
anti-infection ability.9
 Surrogate of organ, including stomach, colon and jejunum,
which is suitable for a large area of defect as well as the
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and others7,10
 Laryngotracheal ﬂap: Asherson ﬁrst reported the application
of laryngotracheal to re-establish laryngeal pharynx in
1954.18 Then Som improved this modus operandi and used
part of laryngotracheal ﬂap to re-establish larynx in the
cancer of pharynx involving cervical esophagus.19 The
advantage of the modus operandi included that operation is
simple and easy and it is unnecessary to involve another
operative region.
However, the corrosive injury of esophagus involve more in the
whole alimentary tract such as pharynx and cervical esophagus,
less in respiratory passage such as larynx and trachea. So in this
research, we utilize the unobstructed larynx and trachea, which
we call the laryngotracheal canal, then bind it with the surrogate
such as colon for the alimentary tract with the corrosive injury.
But in this operation, we apply only the role of the canal and
abandon the function of larynx and trachea such as vocalization,
so we call it the laryngotracheal canal in anatomy, not in function.
Above all, for this operative technique, the advantages may be as
below:
 Provided by one or two sides arteria laryngea superior, the
blood supply of laryngeal pharynx is abundant which may
make possible more in healing of stoma and less in ﬁstula or
infection.
 The reservation of the laryngeal pharynx and trachea can save
certain length of the surrogate part, which may diminish
ischemic and necrosis of surrogate, because it may be true that
the longer the surrogate is, the more possible the occurrence of
the ischemic and necrosis is.
 After removal of annular cartilage and thyroid cartilage, the
laryngo-pharyngeal mucosa is easy to spread. For this canal,
there is a mucous membrane inside and are double layer
cartilaginous membrane and ﬁbrous connective tissue
outside, which offer more ﬂexibility and less tension,
resulting in abating the formation of the neogenetic
cicatrices.20
 In this operation, the stoma site is far away from the mouth
ﬂoor, which relieves the stoma away from bacterium coming
from buccal cavity and outside. As well the food is not easy for
stagnation in the buccal cavity, maybe resulting in the less
possibility of backstreaming.
 The district of the operation is far away from the cicatrix and
stricture, which make the performance more easy and simple
for the operator and need less time for operation.
 The site of anastomosis does not localize and is easy to change,
so when the length of the surrogate is not enough, the reserved
trachea can be adequately lengthened, and the stoma site can
be descended easily to adapt the length of the surrogate.
The indication of the laryngotracheal canal included:
 Stricture or complete obliteration of both sinus piriformis and
above these. Preoperative patients have normal laryngeal
function, with severe dysphagia due to chronic, diffuse hypo-
pharyngoesophageal strictures, and severe inﬂuence on
quality of life even on life threatening, so it is necessary to
abandon vocal function by the reconstruction of alimentary
canal.
 Lipiodol esophagography revealed almost complete oblitera-
tion of the cervical esophagus below the level of phar-
yngoesophageal junction, but laryngoﬁberscopy revealed
injury of the vocal cord. Since there is no voiced function
already preoperatively, it is easy to accept by the patient.But for this technique, at present, there are some disadvantages
which cannot be conﬁrmed completely. Those include:
 During the operation of the laryngotracheal canal, the annular
cartilage and thyroid cartilage are removed, but those were
reserved else including larynx, tracheal mucosa and cartilagi-
nous membrane. So it is easy to feel obstruction by swallowing,
because the elasticity of cartilage is tiny, when those cartilage
regenerate along cartilaginous membrane and encircle the
pharyngeal portion again after operation.
 Laryngopharyngeal recess and trachea are past of respiratory
passage, but after the laryngotracheal canal, digestive ﬂuid
such as gastric acid and bile will stimulate the mucosa of
respiratory passage, so it is a certain question that the mucosa
of laryngopharyngeal recess and trachea suffer the corrosive
damage again and have a chance to cause stricture even
cancerization.
 Both esophagus and the surrogate such as colon or stomach can
emerge rhythmical peristalsis, but laryngopharyngeal recess
hasn’t this function. After the operation of the laryngo-tracheal
canal, whether the laryngopharyngeal recess and trachea are
kept in concordance with the surrogate such as colon or
stomach during swallowing movement.Conﬂicts of interest
The authors declare that they have no conﬂict of interest.
Funding
None.
Ethical approval
None.
References
1. Gupta S. Surgical management of corrosive strictures following acid burns of
upper gastrointestinal tract. Eur J Cardio-Thorac Surg 1996;10:934–40.
2. Hamza AF, Abdelhay S, Sherif H. Caustic esophageal strictures in children: 30
years’ experience. J Pediatr Surg 2003;(38):828–33.
3. Zhou JH, Jiang YG, Wang RW, Lin YD, Gong TQ, Zhao YP, et al. Management of
corrosive esophageal burns in 149 cases. J Thorac Cardiovasc Surg
2005;130:449–55.
4. AvanoQlu A, Orkan E, Oktay M. Management of instrumental perforations of
the esophagus occurring during treatment of corrosive strictures. J Pediatr Surg
1998;33(9):1393–5.
5. Evrard Sylvie, Olivier LM, Lazaraki Giorgia. Self-expanding plastic stents for
benign esophageal lesions. Gastrointest Endosc 2004;(60):894–900.
6. Gupta NM, Gupta R. Transhiatal esophageal resection for corrosive injury. Ann
Surg 2004;239:359–63.
7. Ellis FH, Heatley GJ, Krasna MJ. Esophagogastrectomy for carcinoma of the
esophagus and cardia: a comparison of ﬁndings and results after standard
resection in three consecutive eight-year intervals with improved staging
criteria. J Thorac Cardiovasc Surg 1997;113:836–48.
8. Orringer MB, Marshall B, Iannettoni MD. Transhiatal esophagectomy: clinical
experience and reﬁnements. Ann Surg 1999;(230):392–400.
9. van Sandick JW, van Lanschot JJB, ten Kate FJW. Indicators of prognosis after
transhiatal esophageal resection without thoracotomy for cancer. J Am Coll Surg
2002;(194):28–36.
10. Jiang YG, Lin YD, Wang RW. Pharyngocolonic anastomosis for esophageal
reconstruction in corrosive esophageal stricture. Ann Thorac Surg
2005;79:1890–4.
11. Narendar MG, Kaman Lileswar. . Personal management of 57 consecutive
patients with esophageal perforation. The American Journal of Surgery
2004;187:58–63.
12. Wu MH, Tseng YL, Lin MY. Esophageal reconstruction for hypophar-
yngoesophageal strictures after corrosive injury. Eur J Cardio-Thorac Surg
2001;19:400–5.
13. Vladimir IO, Vladimir MD, Vadim VR. Comparative pre- and postoperative
results analysis of functional state of the esophagus assessment in
patients with various stages of achalasia. Eur J Cardio-Thorac Surg
2005;28:1–6.
14. Peter AD, Mchir F, Simon L. Colonic interposition after esophagectomy for
cancer. Arch Surg 2003;(138):303–9.
J. Huang et al. / International Journal of Surgery 7 (2009) 114–119 11915. Furst H, Hartl WH, Lohe F, Schildberg FW. Colon interposition for esophageal
replacement: an alternative technique based on the use of the right colon. Ann
Surg 2000;231:173–8.
16. Earle W, Wilkins JR. Long-segment colon substitution for the esophagus.
Esophageal Substitute 192(6):722–6
17. Christopher FH, Randal S, Weber. Surgical approaches for cancer of the
oropharynx. Operat Tech Otolaryngol 2005;16:40–8.18. Som ML. Laryngotracheal autograft for postcricoid carcinoma. Ann Otol Rhinol
Laryngol 1974;83:481–6.
19. Cook DW, Canepa C, Winek T, Sasaki TM. Laryngeal ﬂap for hypopharynx
reconstruction. Head Neck 1991;13:218–21.
20. Lajtman Z, Nosso D, Borcic V, Znaor T. Laryngeal and laryngotracheal mucosa in
reconstruction of the pharynx and proximal part of the esophagus. Eur J Plast
Surg 2000;23:25–7.
